Genetic factors have a strong influence on obesity and are associated with body mass index (BMI). No study has investigated the relationships between glucose, the fat mass and obesity-associated (FTO) gene, obesity (BMI), and other metabolic-related traits in Saudi Arabia. This study was conducted to identify the association between glucose, BMI and the FTO rs9939609 variant with different metabolic traits among 186 female preparatory students at Taibah University in 2015. The subjects were divided into two categories based on glucose level and BMI. The results showed that 1/10th of the students were non-obese, while approximately 1/3rd had a high glucose level (HGL). The HGL group had higher mean levels of glucose, cholesterol, triglycerides, HDL, LDL, VLDL, and malondialdehyde compared to those of the normal glucose level (NGL) group. A highly positive correlation between glucose and some biochemical parameters was found in the HGL group (P < 0.05), while no correlation was found between glucose and biochemical parameters, except for the cholesterol and triglyceride levels, in the NGL group. According to the t-test, none of the biochemical parameters were significant, and no correlation existed between these parameters and glucose, except for BMI. More than 90% of the students were not aware that they had an HGL or high cholesterol level according to their response to the questionnaire distributed at the beginning of this study. These problems mainly arose from the students' diet, lack of exercise, and lifestyle. Of the 75% of students that had the T-allele, approximately 50% had the heterozygous FTO rs9939609 genotype AT. Genotypes were in Hardy-Weinberg equilibrium (P > 0.05) in the whole population (n = 186) in both obese and non-obese groups and both HGL and NGL groups. In conclusion, a positive correlation between glucose and some biochemical parameters was found in the HGL group; 24.5% of the population had the (A allele) risk factor, and 32% and 98% of the population were homozygous (AA) and heterozygous (AT) for the rs9939609 FTO obesity-risk allele that is responsible for greater energy intake. Future studies are required to study the FTO gene variant and its association with different biochemical parameters, mainly glucose, weight, and BMI, between males and females at different ages and locations in Saudi Arabia.
Introduction
Obesity has become an epidemic in nearly all countries, including those in the Mediterranean region [1, 2] , and is considered a public health problem that affects various ages and socioeconomic groups [3, 4] .
In the Eastern Mediterranean Region (EMR), obesity may cause non-communicable diseases (NCDs), such as diabetes mellitus, cerebral, hypertension, cardiovascular diseases, various cancers, osteoarthritis, and breathing disorders [5, 6] . NCDs affect not only the healthcare system but also the socio-economic situation [7] . Excess body weight is the sixth primary risk factor worldwide for disease burden [8] , decreases an individual's quality of life and shortens their life expectancy [9] .
Obesity has become a major concern in Gulf countries due to its related diseases. The etiologic factors for obesity have been attributed to diet and nutrition, physical activity, education, cultural environment, and income [1] . In Saudi Arabia, the prevalence of obesity is approximately 28% in males and 44% in females [10] . The etiology of obesity in Saudi Arabian females has been associated with lifestyle, low exercise and household activities [11] , and the nature of leisure activity (TV and internet) [12] .
Genetic factors have a strong influence on obesity and are associated with BMI [13, 14] . Although multiple genes (polygenic) affect obesity [15] , the risk of obesity conferred by genes has not been validated [15] [16] [17] . Frayling et al. [13] and Dina et al. [14] reported a strong association between the fat mass and obesity-associated (FTO) gene in populations of European origin. Moreover, studies on the association between the FTO gene and type 2 diabetes were performed [18] . The FTO gene is located at locus 16q12.2 and plays an important role in energy balance. The FTO gene is expressed in many tissues [13, 14] ; however, the mechanism by which this gene affects metabolism remains unknown [19] .
Many studies have concluded that there is an association between BMI and the single nucleotide polymorphisms (SNPs) in the first intron of the FTO in both children and adults [13] [14] [15] [16] [17] . Moreover, the SNPs are associated with diabetes [20] , leptin levels [21, 22] , adiposity, insulin sensitivity [22] , hepatic metabolism [23] , and tuberculosis [24] .
Eating behavior has been linked to the FTO gene in humans. Both homozygous (AA) and heterozygous (AT) genotypes of the rs9939609 FTO obesity-risk allele in children and adults were reported to be associated with greater energy intake compared to the homozygous (TT) genotype in children [25, 26] . Therefore, FTO affects eating behavior, which promotes obesity [27] .
One of the hallmarks of diabetes is high blood sugar [28] . Diabetes is a worldwide prevalent metabolic disease that affects the physical and psychological state of patients [29] . Diabetes mellitus is characterized by the insufficient secretion of insulin hormone [30] and the associated symptoms of weight loss, polyuria, polydipsia and polyphagia [31] . In the Gulf area, Bahrain and Oman were reported to have a high rate of DM of 25.7% and 16.1%, respectively [32, 33] . In 2004, Al-Nozha et al. [34] reported a 23.7% DM rate in Saudi Arabia. This prevalence further increased [35] . Overall, diabetes is more prevalent in females than males in younger age groups [35] . Although Saudi Arabia has a healthcare system with accessible facilities, diabetes has been accidentally diagnosed during routine medical sessions without patients being aware of it [34] . A preventive modification strategy by changing lifestyle habits, such as losing weight, increasing physical activity, and adopting healthier eating habits, was recommended to decrease DM in Saudi Arabia [34] .
To the best of our knowledge, no studies have investigated the relationship between glucose, the FTO gene, BMI, and other metabolic-related traits in Saudi Arabia. Thus, the objectives of this study were to (i) study the association of glucose and BMI with different metabolic traits, such as cholesterol, triglycerides, LDL, HDL, malondialdehyde, sucrose, weight, and serum variation in leptin, among female preparatory students at Taibah University in 2015 and (ii) investigate the relationship between the rs9939609 variant and different metabolic traits in the studied subjects.
Materials and methods

Setting
This study was carried out at the Biology Department, Taibah University, Al Madinah Al Munawwarah, Saudi Arabia from October 2014 to September 2015. Project "Number 1435-6087" was funded by the Deanship of Scientific Research at Taibah University.
Inclusion and exclusion criteria
A total of 246 preparatory female students were involved in this study and gave their approval and consent. A questionnaire was completed from each student regarding information about name; length; weight; number of meals/day; type of meals and snacks, if any, and their frequency/day; exercise type and frequency; and whether they suffer from any disease(s). Blood samples were drawn from the students by an experienced nurse under the supervision of a medical doctor. Subjects gave verbal consent for their blood samples to be used to analyze the FTO gene and to conduct biochemical analyses by the medical supervisor. After the completion of the study, the blood samples that were used in the biochemical analysis and DNA sequencing were discarded safely according to laboratory safety procedures. Contact and demographic information were taken from all participants; however, at the time of analysis, the names of the students were coded as numbers for confidentiality purposes.
This study aimed to test the correlation between BMI and different biochemical parameters; however, after collecting and analyzing the data, a high glucose level (HGL) was noticed in 60% of the participants. Thus, the glucose level was considered in all of the analysis thereafter. Female students were further divided into two categories; the first category was based on glucose level (HGL and normal glucose level (NGL)), while the second category was based on BMI (less than 30 and greater than 30 depending on weight). HGL was defined as glucose ≥ 120, and obesity was defined as BMI ≥ 30.
Biochemical analysis
Blood samples were drawn after an overnight fast of 8-12 h. Glucose and sucrose were detected by a calorimetric/fluorometric assay in serum using the Glucose and Sucrose Assay kit (MAK013, CHEMELEX, S.A. Pol. Ind. Can Castells, Spain). Leptin was detected using the Human Leptin ELISA kit (AssayPro LLC, USA). Cholesterol, triglyceride, LDL, HDL, and malondialdehyde were detected by calorimetric/fluorometric assay in serum using the assay kits (Spinreact, S.A./S.A.U Ctra., Spain).
DNA extraction and sequencing
Blood samples were DNA extracted using the Gene-JET Whole Blood Genomic DNA Purification Mini kit (Thermo Fisher Scientific Inc). Two primers (left 3 -TCAAAACTGGCTCTTGAATGAA-5 and right 3 -TGCTCTCCCACTCCATTTCT-5 ) covering 401 nucleotides of the rs9939609 region with a product size of 228 bp were designed using Primer 3) (http://biotools. umassmed.edu/bioapps/primer3 www.cgi). The samples were PCR amplified and sequenced at the LGC Genomics Laboratory in Berlin, Germany. Sequences that were not complete were excluded from the analysis. After completing the PCR and sequencing, the DNA samples were safely discarded according to laboratory protocol.
Statistical analysis
The female students were divided into two categories according to glucose level and BMI. In each category, two groups were created. For the glucose level category, the groups were HGL (glucose > 120) and NGL (glucose < 120) [36] ; while for the obesity category, the groups were obese (BMI > 30) and nonobese (BMI < 30). The data were analyzed using Minitab 17 software [Minitab 17 Statistical Software, 2010] for the two categories. Student's t-test, descriptive statistics (Mean ± SE) and correlation were conducted. Student's t-test was applied to observe the differences between the HGL and NGL groups and the obese and non-obese groups for the different biochemical parameters. For correlation, Pearson correlation coefficient was determined between glucose and the other biochemical parameters for the HGL category, while for obesity, the Pearson correlation coefficient was determined between BMI and the other biochemical parameters. Moreover, a Pearson Chi square test was used to measure the correlation between the genetic variants and the different biochemical parameters that were analyzed in this study.
Molecular Evolutionary Genetics Analysis (MEGA 6) software [37] was used for sequences refinement and alignment. The A/T SNP was detected after the sequences were aligned, and the genotype was defined based on the chromatograph of each sample sequence [38] . The mean, standard error, and t-test were analyzed for alleles and genotypes of the rs9939609 FTO obesityrisk allele using Minitab 17 software.
Results and discussion
The objective of the current study was to determine the relationship between glucose and BMI with different biochemical parameters, such as cholesterol, triglyceride, LDL, HDL, malondialdehyde, sucrose, weight, and serum variation in leptin, among female preparatory students at Taibah University in 2015. HGL could be an indicator of diabetes mellitus. Unexpectedly, 90% of the female students had no previous knowledge about having an HGL in their blood serum although they were fasting. The glucose level ranged from 120 to 122 mg/dL. Confirming this finding, Al-Nozha et al. [34] reported that although medical care is available in Saudi Arabia, a substantial number of diabetics are unaware of having the disease. Based on the above results, a data analysis was conducted based on two criteria: BMI and glucose +Model JTUSCI-314; No. of Pages 14 level. Al Madinah Al Munawwarah is located in the western area of Saudi Arabia and considered an urban city. Approximately 24.7% of patients in western Saudi Arabia have diabetes mellitus, and urban residents have a higher prevalence of the disease than do rural residents [34] . Individuals living in rural areas have a lower incidence of DM than do those living in urban areas due to their higher physical activity [14] . Due to there being incomplete data for some participants (DNA sequences, blood hemolysis, and incomplete data), the number of samples analyzed was reduced to 186 instead of 246. Based on the glucose level grouping, the 186 students were divided into two groups: HGL (n = 114) and NGL (n = 72). According to the t-test, all of the biochemical parameters were highly significant, with P-value < 0.05, except for sucrose, leptin, and BMI ( Table 1 ). The HGL group had higher mean glucose, cholesterol, triglycerides, HDL, LDL, VLDL, and malondialdehyde levels of 148.61 ng/L, 286.65 U/L, 102.31 U/L, 53.79 U/L, 170.11 U/L, 20.66 U/L, and 5.54 U/L, respectively, compared to the NGL group, whose levels were 103.73 ng/L, 171.74 U/L, 77.66 U/L, 46.74 U/L, 33.91 U/L, 17.62 U/L, and 2.84 U/L, respectively ( Fig. 1 and Appendix 1).
A highly positive correlation between glucose and some biochemical parameters, including cholesterol, triglycerides, HDL, LDL, VLDL, and malondialdehyde, was found in the HGL group (P < 0.05) ( Table 2) , while no correlation was found between glucose and biochemical parameters, except for the cholesterol and triglyceride levels, in the NGL group ( Table 2 ). The glucose level was high in the HGL group compared to that in the NGL group. Diabetes occurs due to a lack of insulin hormone production or the failure of the body to respond sufficiently to the amount of insulin released. In contrast, the glucose level was higher in the obese group than in the non-obese group due to insulin secretion stimulated by increasing glucose levels [38] . On the other hand, the sucrose level was not significant between the HGL and the NGL groups. No biological evidence relates sucrose to either diabetes [39] or obesity [40] . In the present study, the leptin concentration ranged from 25.27 U/L to 25.61 U/L in the NGL and HGL subjects, respectively, with no significant differences, which could be due to insulin deficiency, an effective stimulator of leptin synthesis [41] . Moreover, leptin ranged from 25.03 U/L to 32.35 U/L in non-obese and obese subjects with no significant differences. Our result showed an increase in the triglyceride level in the HGL group, which may be due insulin deficiency causing the mobilization of fatty acid from adipose tissue to produce energy. Excess fatty acids will be stored in the liver and turned into triglycerides [42] .
The present study showed higher levels of LDL, HDL, and VLDL in the HGL group compared to those in the NGL group. High LDL values might be due to chronic insulin deficiency, which decreases the LDL receptors [43] . In the HGL group, the high levels of cholesterol, triglyceride, and LDL and the low level of HDL cholesterol can be explained by increased calorie intake, obesity, and lack of exercise [44] [45] [46] and to a deficiency in insulin that results in the inactivation of lipoprotein lipase [47] . Based on the BMI grouping, the 186 students were divided into two groups: obese (n = 20) and non-obese (n = 166). According to the t-test, none of the biochemical parameters were significant, with P-value > 0.05, except for BMI ( Table 1 ). The obese group had a higher BMI mean (37.78) compared to that of the non-obese group (22.07) ( Fig. 1 and Appendix 1). No significant correlation existed between glucose and the other biochemical parameters in the obese and non-obese groups, except for the BMI in the obese group ( Table 2) .
The results of the current study found no significant correlation between HGL and NGL with BMI. Moreover, most individuals with HGL lose their weight, which decreases their BMI, because these subjects take no medication for their HGL to cause continuous weight loss after the onset of diabetes [48] . On the other hand, a significant correlation was found between BMI and the obese group but not the non-obese group. This can be explained by the strong relationship between BMI and adipose area [49] .
In the current study, the levels of cholesterol, triglyceride, LDL, HDL, and VLDL are considered high compared to those of previous studies [50] . Persons with diabetes mellitus usually have lipid abnormalities [51] . Free radicals stimulate lipid peroxidation (MDA) and alter the cell membrane [52] . Lipid peroxide is helpful in diabetes prognosis because of the increase in lipid peroxidation that is associated with the excess formation of free radicals [53] . Therefore, superoxide dismutase will be inactivated under a hyperglycemic state due to the development of superoxide radicals in the cell [43] . The cholesterol level was high in both the obese and non-obese groups with no significant differences. The same observation was found with TG, LDL, and VLDL, whereas the HDL level was low in both groups with no significant differences. It is known that total cholesterol levels higher than 170 mg/dL and LDL-C levels higher than 110 mg/dL are high risk factors for many diseases [54] . Thus, diet may be responsible for the nonsignificance between the obese and non-obese groups in all lipid parameters.
For DNA sequences and genotypes, after refinement, the sequence size was 265 bp (Fig. 2 ). Nucleotide 103 (bold and highlighted) was the location of SNP of the rs9939609 region. Based on the alignment, the A/T allele was determined. For example, samples number 246 and 17 had the A allele, while samples 14 and 71 had the T allele.
Forty-six individuals of the test population had the risk allele (A allele), accounting for 24.5% of the population, while the T allele accounted for 75.5% of the population, with 146 individuals (Appendix 2). Considering the 186 individuals, only HDL and malondialdehyde showed significant differences with the two alleles A/T ( Fig. 3 and Appendix 2). Genotypes AA, AT, and TT had 32, 98, and 56 individuals, respectively. Part of the genotype determination through chromatogram is shown in Fig. 4 . No significant differences in the mean values were found among the three genotypes for all of the biochemical parameters considered in all of the 186 individual ( Fig. 3 and Appendix 2) .
Based on the BMI (non-obese (n = 20) and obese (n = 166)), no significant differences were found within the same group at the A/T allele or the three genotypes for all of the biochemical parameters tested, except 246  CTTTATGAGATAATGTCCTTTTTAAAAATAAACACTAACATCAGTTATGCATTTAGAATG  60  017  CTTTATGAGATAATGTCCTTTTTAAAAATAAACACTAACATCAGTTATGCATTTAGAATG  60  gnl|dbSNP|rs9939609  CTTTATGAGATAATGTCCTTTTTAAAAATAAACACTAACATCAGTTATGCATTTAGAATG  60  014  CTTTATGAGATAATGTCCTTTTTAAAAATAAACACTAACATCAGTTATGCATTTAGAATG  60  071  CTTTATGAGATAATGTCCTTTTTAAAAATAAACACTAACATCAGTTATGCATTTAGAATG  60  246  TCTGAATTATTATTCTAGATTCCTTGCGACTGCTGTGAATTTAGTGATGCACTTGGATAG  120  017  TCTGAATTATTATTCTANATTCCTTNCGACTGCTGTGAATTTAGTGATGCACTTGGATAG  120  gnl|dbSNP|rs9939609  TCTGAATTATTATTCTAGGTTCCTTGCGACTGCTGTGAATCTAGTGATGCACTTGGATAG  120  014  TCTGAATTAT TATTCTAGATT CCT TGC GACTGC TGTGAATTT TGTGAT GCACTT GGATAG  120  071  TC TGAATTAT TATTCTAGATT CCT TGC GACTGC TGTGAATTT TGTGAT GCACTT GGATAG  120  246  TC TCT GTTACTCTA AAGT TTTAATAGGTAACA GTCAGA AAT GGAG TGGGAG AGCATA AAA  180  017  TC TCT GTTACTCTA AAGT TTTAATAGGTAACA GTCAGA AAT GGAG TGGGAG AGCATA AAA  180  gnl|dbSNP|rs9939609  TCTCTGTTACTCTAAAGTTTTAATAGGTAACAGTCAGAAATGGAGTGGGAGAGCATAAAA  180  014  TCTCTGTTACTCTAAAGTTTTAATAGGTAACAGTCAGAAATGGAGTGGGAGAGCATAAAA  180  071 TC TCT GTTACTCTA AAGT TTTAATAGGTAACA GTCAGA AAT GGAG TGGGAG AGCATA AAA 180 246
GCA AACTG AAATGCAAATAGCT GGTACCCTGAAGC CATT AACTTTAAGCT GGTTAT TCCT 240 017
ACAA ACT GAAATGCAAATA GCT GGTACCCTGAAGC CATT AACTTTAAGCT GGTTAT TCCT 240 gnl|dbSNP|rs9939609
GCAAACTGAAATGCAAATAGCTGGTACCCTGAAGCCATTAACTTTAAGCTGGTTATTCCT 240 014
GCAAACTG AAATGCAAATAGCT GGTACCCTGAAGC CATT AACTTTAT GCT GGTTATTCCT 240 071
GCA AACTG AAATGCAAATAGCT GGTACCCTGAAGC CATT AACTTTAT GCT GGTTATTCCT 240 246
GACCTACT GTTTGGACAT AAGATGG 265 017 GACCTACTGTTTGGACATAAGATGG 265 gnl| dbSNP|rs9939609
GACCTACT GTTTGGACAT AAGATGG 265 014
GACCTACT GTTTGGACAT AAGATGG 265 071
GACCTACT GTTTGGACATGA GATGG 265 for Malondialdehyde in the non-obese group (P = 0.035) ( Fig. 3 and Appendix 2). Similarly, based on the glucose level, the NGL (n = 114) subjects showed no significant differences within the same group at the A/T allele or among the three genotypes with all of the biochemical parameters tested. On the other hand, significance was found in the HDL, VLDL, and malondialdehyde levels for HGL individuals (n = 72) at the A/T allele, with Pvalues of 0.024, 0.038, and 0.021, respectively ( Fig. 3 and Appendix 2). In the whole population, the T allele had a higher frequency than the A allele (56.45% and 43.55%, respectively). Similarly, it was higher in HGL, NGL, and non-obese individuals ( Table 3) . Obese individuals were low in number (n = 20), and thus, the T allele was not higher but equivalent to the A allele ( Table 3 ).
The distribution of the genotypes of the rs9939609 variant was tested using a Chi-square analysis. The genotypes were in Hardy-Weinberg equilibrium (HWE) (P > 0.05) in the whole population (n = 186) in both the obese and non-obese groups and the HGL and NGL groups ( Table 3 ). The Chi-square test for Hardy-Weinberg equilibrium assumes that the observed genotype frequencies are not significantly different from those predicted for a population in equilibrium. For example, the P-value of 0.33 in the whole population means that there is a 33% probability that the genotype differences are due to chance and a 67% chance that they are not due to chance. This P-value is not significant; thus, the population is in Hardy-Weinberg equilibrium.
When comparing the mean values for the different biochemical parameters for the A-allele in both the obese and non-obese groups, the results showed that, in general, the obese group had lower mean values for most of the biochemical parameters. Only a few of the parameters were significant: glucose, leptin, and BMI, with means of 125.66 ng/L, 23.63 U/L, 22.21 U/L and 112.00 ng/L, 36.00 U/L, 100.80 U/L for the non-obese and obese groups, respectively. On the other hand, for the T-allele, only HDL and BMI were significant. The HDL mean was higher in the non-obese group (48.99 U/L) than in the obese group (43.73 U/L), while the BMI was much higher in the obese group (38.20) ( Fig. 3 and Appendix 2). For the three genotypes, AA, AT, and TT, only BMI was significantly higher in the obese group than in the non-obese group (Fig. 3 and Appendix 2).
While upon comparing the mean values for the different biochemical parameters for the A-allele in both glucose level factors, in general, HGL subjects had greater mean values with significant differences in many biochemical parameters compared to those of NGL subjects for the A and T alleles and for the three genotypes. The glucose and cholesterol levels were highly significant between the A and T alleles and the three genotypes in the HGL group compared to the LGL group. The A-allele in the HGL subjects had higher and significant mean values than those in the NGL group in glucose, cholesterol, triglyceride, HDL, LDL, VLDL, and malondialdehyde levels. Similarly, the T-allele in the HGL subjects had higher and significant mean values compared to those in the NGL group, similar to the A-allele, except for malondialdehyde, which had no significance ( Fig. 3 and Appendix 2). The homozygous AA and TT genotypes had higher mean values for glucose, cholesterol, triglyceride, and HDL in the obese group. In addition to the above significant biochemical parameters found in the homozygous AA and TT groups, the heterozygous AT group had significance in VLDL and malondialdehyde as well ( Fig. 3 and Appendix 2). The A allele is a risk factor associated with increased body weight, and the AA genotype carriers have a higher body weight and BMI compared to those of the TT genotype carriers [55] . In the current study, obese subjects had a higher BMI regardless of the allele or the genotype, although the number of obese individuals was low (n = 20) compared to that of non-obese individuals (n = 166). However, other parameters did not vary between the obese and non-obese groups. More subjects are needed to determine whether these parameters vary between the two groups. Based on the glucose level, higher mean values were found for certain biochemical parameters, such as glucose and cholesterol levels, in the A and T alleles and in the three genotypes: AA, AT, and TT. Cholesterol levels were approximately 1.5 times greater in the HGL subjects. Triglyceride and HDL levels were also higher in the HGL group. This is not surprising; in general and based on the questionnaire, the student's diet is not healthy and includes mostly fast food.
Based on the Pearson Chi-square test, there were no significant differences between the A/T alleles and the different biochemical parameters except for the VLDL level, and there were no significant differences between the different genotypes (AA, AT, and TT) and the different biochemical parameters, except for the glucose and VLDL levels ( Table 4 ). More participants are needed in future studies to determine the correlation between the genetic variants and the different biochemical parameters.
Many previous researchers have studied the association between FTO gene variants and obesity and Table 3 The rs9939609 region alleles and genotypes frequency for Taibah preparatory female students. other metabolic parameters in different populations [13, 14, 19, 56] . Common SNPs at candidate genes have been identified for obesity. These SNPs act as effect modifiers for environmental risk factors [4] . The association of the FTO gene with obesity was studied in a Tunisian population, in which two genetic markers, one SNP associated with metabolic diseases in the European population (rs1421085) and one SNP associated with metabolic diseases in African populations (rs8057044), were considered. The results of that study showed an Table 4 Pearson Chi-square test between the two alleles and the three genotypes with the different biochemical parameters among the 186 female students. association of the gene with diabetes, higher fasting glucose levels, and high blood pressure [19] . In Egypt, the association between the rs9939609 variant of the FTO gene and polycystic ovary syndrome (PCOS) was examined in women because the phenotype of polycystic ovary syndrome (PCOS) overlaps with obesity. In that study, it was found that the rs9939609 variant in the FTO gene was associated with PCOS susceptibility [57] . In a review conducted by Gosadi [58] , the number of the studies related to Metabolic syndrome (MS) and that were performed on the Saudi Arabia population were few. Moreover, the SNPs that were used in these studies did not involve rs9939609. Based on this result, although the sample size in this study was not high, this study is one of a few studies to associate the rs9939609 allele with BMI and glucose level in Saudi Arabia. A previous study conducted by Bazzi et al. [59] studied the association between Type 2 diabetes (T2DM) and particular SNPs, including rs9939609, in the Saudi population.
Biochemical parameter
Their results showed that the population studied (n = 81) was in HWE with a P value of 0.203. The observed AA, AT, and TT genotype frequencies in their study were 0.326, 0.432, and 0.242, respectively. The A and T allele frequencies were 0.542 and 0.458, respectively, and no significant associations between FTO (rs9939609) and the T2DM were found. More genomics and proteomics research is needed to prevent the occurrence of obesity and to develop new therapeutic targets [60] .
Conclusion
This study investigated the correlation between different biochemical analysis parameters and the BMI and glucose level and characterized the FTO rs9939609 variant alleles and genotypes in 186 female preparatory students at Taibah University in 2015. Of the 75% of the students that had the T allele, and approximately 50% had the heterozygous FTO rs9939609 genotype AT. Most of the students were not aware that they had an HGL or high cholesterol level according to their response to the questionnaire distributed at the beginning of this study. These problems mainly arose from the students' diet, lack of exercises, and lifestyle. The current study can be considered a basis for future studies regarding the relationship between FTO and biochemical analysis; however, different genders, ages, and locations should be considered, and more participants from Saudi Arabia should be analyzed. 
